The objective of this study was to characterize the microclimatic profile of broiler transport trucks under commercial conditions, in the summer, by continuous monitoring of environmental variables (temperature and air relative humidity). Three loads were monitored from farm to slaughterhouse, considering factors such as distance and day periods (morning, afternoon, and night). To obtain the profile of the environmental variables during journey, data loggers, that determined the microclimate to which birds were submitted, were installed in the trucks; data loggers also allowed visualization of the Enthalpy Comfort Index (ECI) so that load regions could be classified according to heat comfort limits for 6-week old poultries. Temperature, relative humidity, and ECI in the truck were analyzed, using geostatistics, by the ordinary kriging method. The afternoon was the most critical period, and truck central and rear regions were most problematic for chickens, thus most susceptible to losses.
INTRODUCTION
In the pre-slaughter period, formed by broiler capture, loading, transport, and lairage time at the slaughterhouse, management practices are considered harmful to chickens and may compromise their welfare, survival, and meat quality. According to ROCHA et al. (2008) , 90% of the injuries observed by the sanitary inspection service occur in that stage.
The pre-slaughter transport of poultries consists in carrying animals from farm to slaughterhouse under the most different conditions and combinations of distances and times. These combinations directly reflect on meat quality and, in most cases, are primarily responsible for losses (deaths). There is a direct association between meat quality and pre-slaughter handling either at the farm, animal transport, or slaughterhouse (SANTOS et al., 2010) .
During transport, chickens are subjected to stress factors that compromise their well-being and cause damages, such as high mortality and reduced meat quality (MITCHELL et al., 1992; MITCHELL & KETTLEWELL, 1998) . SILVA et al. (2009) emphasized that one of the most recent requirements of the import market is related to animal welfare; also, that there is a need for investments in updating standards and laws on animal welfare in Brazil to maintain its international competitiveness, especially during pre-slaughter operations.
The main stress factors during broiler transport are related to the load microclimate; high values of temperature and relative humidity are the major responsible for the so-called 'dead on arrival ' (HUNTER et al., 1997; MITCHELL & KETTLEWELL, 1998) . The formation of a thermal microclimate inside vehicles affects poultry welfare and potentially promotes the development of PSE meat (SIMÕES et al., 2009) . OLIVEIRA & LINDAU (2012) highlight that, besides contamination and loss of meat quality, the transport also affects the injury rates, resulting in partial rejection of affected parts. Studies conducted in Europe indicate that 40% of dead on arrival are caused by the transport to slaughterhouse (BAYLISS & HINTON, 1990) .
Distribution of dead birds in the load is not random; it rather reflects the variation of ventilation and comfort regions. KETTEWELL & MITCHELL (1993) performed a threedimensional characterization of the environmental conditions inside chicken transport trucks, and observed great heterogeneity of the environmental variables throughout the loads.
Metabolic heat production by poultries during transport creates thermal gradients between transport crates and the outer environment, which may be entirely affected by the action of the wind, resulting, in turn, in a heterogeneous temperature distribution throughout the truck load (MITCHELL & KETTLEWELL, 1994) . Studies (MITCHELL et al., 1992; point out the presence of a thermal core in truck loads originated by poor ventilation and, also, in places where load heat and humidity are higher. However, these studies were developed in temperate regions, lacking researches that evidence the load thermal profile under tropical conditions, especially when seasonal intense daily thermal fluctuations are considered.
Given the increasing technological progress in the poultry industry, the assessment of factors that influence loss reduction is important (SILVA & VIEIRA, 2010) . Thus, this study aimed to characterize the load microclimatic profile in broiler transport trucks during summer in Brazil, and to relate this information to losses during pre-slaughter handling.
MATERIAL AND METHODS
The experiment was performed in an integrative company and slaughterhouse located in São Paulo State, Brazil, with a mean of 300 thousand birds slaughtered daily. According to data from a weather station at that location, altitude in the region is, on average, 800 m, with a high-altitude tropical climate (Cwa -according to Köeppen classification), dry winters and hot and humid summers. In colder months, the mean temperature may remain below 18 o C, and in warmer months, above 25 o C, with monthly mean relative humidity varying between 53 and 89%.
The experiment lasted one month during summer. Broilers of Cobb breed were used, which aged 6-7 weeks. Three loadings were monitored, from poultry output at the farm until arrival at the slaughterhouse, considering factors such as distance and travel shifts.
Three transport shifts (morning, from 7:00 to 11:59 am; afternoon, from 12:00 to 5:59 pm; and night, from 6:00 pm to 6:59 am) and different distances from farm to slaughterhouse were evaluated.
Chicken transport was performed as follows: all monitored trucks had loadings of 486 transport crates arranged into three rows (two lateral and one central), composed of 9 boxes height and 18 boxes length.
To obtain the profile of environmental variables across the load, data loggers (Logen ® ) were set up along the truck length, allowing determination of the microclimate to which birds were subjected, as well as Enthalpy Comfort Index (ECI) that, in turn, enabled the classification of load regions according to thermal comfort limits for 6-week old broilers. Enthalpy (h) is a thermal comfort index that expresses the heat amount in 1 kg dry air, in kJ, determined by the equation cited by BARBOSA FILHO (2005) . (1) where, h -enthalpy, kJ/kg dry air; t -temperature, °C, and RH -relative humidity, %.
To facilitate data logger distribution and cover the entire load length, we chose a fixed and standard configuration for all loadings (Figure 1 ). This configuration included 47 data loggers arranged, mainly, at the load central region, assuming that this would be the most prone to the occurrence of heat stress in birds. For the three evaluated loadings, profiles of temperature and relative humidity were monitored both inside and outside the truck load, as well as particular characteristics of each journey, such as traveled distance, transport shift, travel time, density of broilers per box, and percentage of dead on arrival at the slaughterhouse.
Data of temperature, relative humidity, and Enthalpy Comfort Index (ECI) across the load were analyzed using geostatistics (ordinary kriging) to obtain the other load points, and to evaluate the spatial dependence of the environmental variables, considering the interior of the truck load as the study area. For each data set, samples were divided into three groups: L1 -lateral 1; M -middle; and L2 -Lateral 2.
The free software R (R DEVELOPMENT CORE TEAM, 2006) was used for all analyses.
RESULTS AND DISCUSSION
The mean distance traveled from farm to slaughterhouse is presented in Table 1 . Travel times followed the same distance variations, since longer times were observed during the morning and night. According to Table 1 , it was possible to observe a great percentage increase of dead birds, reaching nearly 0.50%, in comparison with the results found by BARBOSA FILHO (2008) . This reflects the risks and, also, the special attention that must be paid during pre-slaughter handling in this season, especially regarding transport (TABBAA & ALSHAWABKEH, 2000; WARRISS et al., 2005; PETRACCI et al., 2006; VECEREK et al., 2006) .
Percentages of dead on arrival, listed in Table 1 , are close to 0.47%, 0.34%, and 0.45% reported by, respectively, PETRACCI et al. (2006), BAYLISS & HINTON (1990), and WARRIS et al. (2005) , also during summer.
External environmental conditions followed the regular oscillations of summer day shifts in the experimental region. The mean temperature was 26.7 ºC and, relative humidity, 71%.
The percentage of dead on arrival (%Death) initially indicates the expected, that is, greater losses in the afternoon, period with higher evidence of thermal stress (WARRISS et al., 2005) . These values of temperature, according to MACARI & FURLAN (2001) , exceed the limits of thermal comfort for 6-week old broilers, and are related to higher values of death percentage (Table 1) . Overall means of the environmental variables, from three transported loadings monitored in the summer (Table 2) , were obtained by 47 data loggers distributed throughout the load profile, resulting in a single value of the load environmental conditions during transport, which may be used as a standard comparison among shifts.
Considering the load heat (load ECI) in the trucks during transport (Table 2) , and according to the classification of the Practical Tables on Enthalpy (BARBOSA FILHO et al., 2007) , the morning period is the most indicated for broiler transport. Therefore, the Enthalpy Comfort Index classification for afternoons and nights indicates that these periods require more attention regarding problems with thermal stress.
Furthermore, it is important to analyze the efficiency of the wetting practice on the load heat decrease. Values of relative humidity across the load changed according to wetting, ranging from around 50% to higher than 70% (Table 2 ). There is a remarkable difference among values of load heat (load ECI) obtained in the afternoon, when wetting is performed, and those collected in the morning. SIMÕES et al. (2009) , who studied broiler transport during the Brazilian summer, found lower temperature and higher relative humidity values when bird wetting was carried out. This trend was observed for both short and medium distances between farms and slaughterhouses.
It is worth mentioning that very high values of relative humidity may severely affect the heat exchange system of birds, thus compromising thermal comfort and welfare. This occurs because the best way for heat dissipation used by birds is hyperventilation (increased respiratory rate), and such exchange is impaired by high values of relative humidity (BROSSI et al., 2009 ). This happens, mainly, during Brazilian summer, which is characterized by a period of high temperature and relative humidity that may result in an acute heat stress, once wetting is frequently performed without criteria and may neutralize latent heat losses by air saturation in the load microclimate.
In an experiment on broiler transport in the summer, LANGER et al. (2010) registered that bird wetting in long distance journeys helped to improve the load microclimate, and reduced the occurrence of birds with PSE meat, from 52 to 44%, in comparison with non-wetted birds. For short distances, the greater occurrence of PSE meat was found in the lot of wetted broilers; probably, according to these authors, shorter distance conditions do not provide sufficient time for animal cooling by ventilation.
There was a lower variation in the temperature values for morning and afternoon shifts (Table  3) , in comparison with the night, what may characterize a change due to either presence or absence of load wetting. Considering the amplitude of relative humidity values, there was again a strong influence of load wetting on changing these values. A great variation in the humidity amplitude at night is observed, in comparison with morning and afternoon, due to the high relative humidity associated with load wetting.
For the Enthalpy Comfort Index (ECI), as observed for humidity, there was a great difference among morning and afternoon periods, and night, although it was not possible to verify the afternoon values. This difference indicates that load wetting before transport during the night may cause problems due to possible high relative humidity, hindering thermal exchanges of broilers and turning the microclimate inappropriate for broiler transport.
Importantly, there was a small difference of ECI values among the evaluated shifts (Figure 2) . The ECI profile for the afternoon is not presented because of lack of spatial dependence among sampled points, observed during data geostatistical analysis. In the morning, a wide range of thermal comfort across the load profile was observed; it is the best period for chicken transport, because it provides more favorable environmental conditions for pre-slaughter handling. The night shift presented an inadequate profile of thermal comfort for 6-week old broilers, which varied from 54.7 to 62.9 kJ/kg dry air (BARBOSA FILHO et al., 2007) . In this shift, variation in the Enthalpy Comfort Index is probably similar to the afternoon, with high values, enabling the classification of almost all load regions into alert situation regarding thermal comfort conditions for 6-week old birds. The reason for the profile similarity between night and afternoon shifts is the influence of load wetting. This procedure certainly contributed to elevate the values of relative humidity throughout the load in these periods, which, in turn, changed ECI values.
Load rear and central regions presented the worst microclimatic conditions for chickens in the morning period; for the afternoon, load front and back regions were inadequate; and for the night, the worst areas for broiler loads were the front and central regions (Table 4) . LANGER et al. (2010) found heterogeneous values of wind speed during bird transport, and higher temperatures at the vehicle rear; furthermore, chickens located at the rear region produced larger amounts of PSE meat. During summer, all periods presented a high rate of losses; however, the afternoon represented the most damaging period, causing losses during pre-slaughter handling of poultries. Therefore, it is recommended to avoid animal transporting during periods of higher temperatures. Most broilers dead on arrival were located, mainly, in the load central region, which had more inappropriate microclimatic conditions for thermal comfort of poultries (HUNTER et al., 1997) .
Regarding the variation in the load microclimate during transport, for the three studied shifts (morning, afternoon, and night) during Brazilian summer, it was possible to observe certain similarity to this same pre-slaughter handling performed in the winter, as reported by BARBOSA FILHO et al. (2009) ; the afternoon is also highlighted as the most susceptible period to losses caused by thermal stress.
In this way, it is necessary to observe that broiler transport in Brazil, in both summer and winter, during the afternoon shift, may result in higher loss rates. Moreover, for both seasons, critical points, such as bird density per crate and travel time, should also be considered.
CONCLUSIONS
For pre-slaughter transport of broilers under the environmental conditions of the Brazilian summer, the morning period is the most indicated for this operation, while afternoon and night shifts are the most susceptible to losses caused by thermal stress.
